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BULLETIN 271 
APPLE SPRAYING EXPERIMENTS IN 1916 AND 1917* 


Wei MORSE: 


This publication constitutes the seventh and eighth annual 
reports of progress with the apple spraying experiments which 
are being conducted at Highmoor Farm, Monmouth. In 1916 
g and in 1917 10 different plots were used. Each of these 
plots consisted of 24 trees, or 4 rows of 6 trees to the row, 
except plot 1 in 1917 had only 23 trees. All were of the Ben 
Davis variety. 

The above mentioned plots were located in the orchard 
known as “Ben Davis No. 2”, which consists of a solid block of 
555 trees. Somewhat less than two-fifths or 216 trees in 1916 
and nearly three-sevenths or 239 trees in 1917 were included 
in the experiments. 

The very evident value of arsenate of lead as a preventive 
of apple scab when used alone, as shown in the results obtained 
in the 4 previous, consecutive seasons seemed to warrant the 
testing of this material on a larger scale in 1916. Accordingly 
one-half of the orchard known as “Ben Davis No. 1” was 
sprayed with lime-sulphur 20 per cent stronger than standard, 
plus one pound of dry arsenate of lead to 50 gallons for the 
blossom bud application. The two remaining applications con- 
sisted of double strength arsenate of lead alone. This duplicates 


*A general discussion of the nature and extent of the previously 
conducted experiments with a summary of the results obtained is given 
in Bulletin 249 entitled, “Six Years of Experimental Apple Spraying at 
Highmoor Farm.” The results for 1915 are given in Bulletin 252 of 
this Station. 

+By standard dilution lime-sulphur is meant the equivalent of 1 
gallon of 33° B. lime-sulphur concentrate to 40 gallons of water. To 
make the so-called 20 per cent stronger dilution one-fifth more of the 
concentrate is added to a given amount of water than is used to make 
the standard dilution. 
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on a large scale plot 5 of 1916 and plot 3 of 1917. The remain- 
der of the orchard was sprayed with standard dilution lime- 
sulphur containing one pound of dry arsenate of lead in 50 

gallons, thus duplicating plot 1 of 1916 and plot 5 of 1917. This 
orchard, consisting of over 1200 Ben Davis trees, lies directly 
across the road from the experimental plots in Ben Davis No. 2. 


SPRAYING PROGRAM. 


No sprays were used when the trees were dormant. Unless 
otherwise specified 3 applications were made, the aim being to 
make the first when the blossom buds were showing pink, the 
second just after the petals fell, and the third application 
between two and three weeks after the second. The dates of 
application each season are given later. 


TREATMENT OF PLots IN I9Q16. 


Plot 1. Standard dilution lime-sulphur, plus one pound of dry, 

acid arsenate of lead to 50 gallons. 

Same spray treatment as plot 1, but using Friend calyx 

nozzle. 

Plot 3. Standard dilution lime-sulphur plus one pound of ar- 
senate of lime to 50 gallons. 

Plot 4. First application omitted, otherwise like plot 1. 

Blossom bud application, lime-sulphur 20 per cent 

stronger than standard dilution, plus one pound of dry, 

acid arsenate of lead to 50 gallons. Later applications 

two pounds of dry, acid arsenate of lead alone in 50 

gallons. 

Plot 6 Dry, acid arsenate of lead alone, two pounds in 50 

gallons of water. 

Bordeaux mixture, 3-3-50, plus one pound of dry, acid 

arsenate of lead in 50 gallons. 

Plot 8. Sherwin-Williams dry lime sulphur, using for dilu- 
tion in water 3 pounds of the powder as an equiva- 
lent of one gallon of a 33° B. concentrate and adding 
one pound of dry acid arsenate of lead to each 50 gal- 
lons of diluted spray. 

Plot 9. Unsprayed check. 
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TIME AND MANNER OF SprRAY APPLICATIONS IN IQI6. 


The first spray application was made on the experimental 
plots on May 20, the second June 5, and the third June 23. Ben 
Davis orchard No. 1 was sprayed the first time immediately 
following the experimental plots. On account of weather con- 
ditions, which are discussed later in some detail, the completion 
of the second application was not accomplished till June 13. 
However, to make conditions uniform, a separate machine and 
spraying crew were employed in each half of the orchard at 
the same time. Therefore approximately an equal number of 
trees were covered with each kind of spray on each day that 
the work was done. The third application to each half of Ben 
Davis No. 1 was made on June 26 and 27. 

An attempt was made to apply the sprays on the experimen- 
tal plots with a pressure of 200 pounds, but on account of the 
failure of the pump to maintain this pressure constantly, 150 to 
175 pounds per square inch was used. A type of nozzle which 
throws a fine mist was used on all but plot 2 where the Friend 
calyx nazzle was substituted. With this distinctly more spray 
was applied than with the other type, and some difficulty was 
experienced when changing from the other form to this in get- 
ting the men who handled the spray rods to adjust their move- 
ments so. as to avoid waste of material, and at the same time 
do thorough work. 


ConpbITIONS DuRING AND FOLLOWING THE SPRAYING SEASON 
OF 1916. 


The early part of May was favorable for growth, but cold, 
rainy weather prevailed for some time previous to the first 
application. The blossom buds were nearly in condition to 
spray for ro days previous to the first application but their 
development was extremely slow. On the date of application, 
May 20, all of the buds in each cluster were showing distinctly 
pink. 

The total rainfall recorded at the farm for the month of 
May was 5.77 inches. The 5 days preceding May 17 were very 
cloudy and rainy, and 4.09 inches of the total rainfall for the 
month came during that day and the night following. Some 
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rain fell on the 18th, and the 19th also was cloudy. Between 
May 20 and June 5, the date of the second application, there 
were 7 wholly fair days. Rain fell on 5 different days but this 
was slight, except on May 30 when .g95 of an inch was recorded. 

At the time of the second application the petals had not 
entirely fallen but weather conditions indicated that it was un- 
safe to delay farther. On this date, June 5, the forenoon was 
clear but the afternoon was cloudy. Late in the afternoon .05 
of an inch of rain fell but this occurred after the plots had been 
sprayed and the material applied had become dry. 

Of the 17 days that intervened between the second and 
third applications only 3 were recorded as entirely fair. Rain 
fell on 9 of these days. The total rainfall for June was 4.20 
inches, making the combined total for May and June nearly 10 
inches. It would seem that the weather conditions just prior 
to the first application of the sprays and from then on till the 
third application had been made were extremely favorable for 
scab infection and development. As will be shown later nearly 
39 per cent of the fruit on the unsprayed plot was scabby. Un- 
doubtedly this would have been greatly increased were it not 
for the fact that the experimental plots were all plowed prior 
to May 8, thus turning under the diseased leaves of the season 
before, except those near the bases of the trees, previous to the 
complete development of the ascospores of the scab fungus 
upon the leaves, under local climatic conditions. 


EFFECT OF THE DIFFERENT SPRAYS ON THE FOLIAGE AND FRUIT 
DuRING THE SUMMER OF IQI6. 


Plot 1. Standard dilution lime-sulphur and acid arsenate of 
lead. 

A very slight amount of injury to the tips of the leaves 
was noted on June 22. By the middle of July some burning 
of the margins was apparent but this was not bad. Russeting 
of the fruit was quite evident at this time and was plainly 
greater than on the unsprayed check. These effects did not 
materially increase during the remainder of the season. After 
the middle of July a small amount of scab was noted on the 
leaves but none on the fruit before harvesting. 
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Plot 2. Same as plot 1, using Friend calyx nozzle. 

The record for this plot throughout the season was identi- 
cal with that for plot 1. 

Plot 3. Standard dilution lime-sulphur and arsenate of lime. 

The amount of scab and leaf injury was also essentially the 
same on plot 3 as on plot I, except that after the first of August 
the amount of foliage injury on 3 where arsenate of lime had 
been used with lime-sulphur was considerably more common. 
This observation was carefully checked since it was unexpected. 
On the other hand, fruit russeting was less apparent on plot 3 
than on plot 1. 

Plot 4. Standard dilution lime-sulphur and acid arsenate of 
lead, first application omitted. 

On plot 4, scab on the foliage was as well controlled as on 
plot 1 where all 3 applications of lime-sulphur and arsenate of 
lead were made. In comparison with plot 1, plot 4 in the early 
part of the season showed somewhat less leaf injury. 

Plot 5. First application stronger lime-sulphur and acid ar- 
senate of lead; last two, double ‘strength acid arsenate 
of lead alone. 

No leaf injury was recorded. The general condition of the 
foliage was better than on plot 1 throughout the season, although 
a slight amount of scab was noted at about the same time that it 
was observed on the latter. 

Plot 6. Acid arsenate of lead alone, double strength. 

Scab appeared on the leaves at the same time as on plots 
1 and 5 and was evidently somewhat more common. A careful 
comparison of plot 6 with plot 9, the unsprayed check, showed 
that on July 18 the number of scabby leaves and fruit were 
much greater on the latter. It was estimated at that time that 
the use of arsenate of lead alone as a spray had reduced the 
amount of scab on the foliage from go to g5 per cent. 

Plot 7. Bordeaux mixture, 3-3-50, and acid arsenate of lead. 

With bordeaux mixture, as in the past, a large amount of 
leaf injury and defoliation appeared early in the season and 
much leaf spotting was apparent even up to harvest time. No 
scab was observed on this plot previous to harvesting. 

Plot 8. Sherwin-Williams Co. dry lime-sulphur and acid ar- 
senate of lead. 
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The appearance of the foliage on this plot did not differ 
materially from that recorded for conditions on plot tr. 
Plot 9. Unsprayed check. 

Scab began to appear on the leaves on the unsprayed check 
before the third spray application and developed rapidly dur- 
ing the first part of July. By the middle of the month there 
was a large amount on the leaves and it was very common on 
the fruit. A certain amount of fungous leaf-spot also ap- 
peared. Russeting of the fruit, apparently resulting from 
weather conditions, was evident early in the season. It was 
noted that this russeted condition was confined to the upper 
sides of the fruits as they hung on the trees. 


THe EFrrect OF THE DIFFERENT SPRAYS ON THE FRUIT IN 1916. 


The fruit was harvested and sorted the first week of Octo- 
ber. From the experimental plots in orchard No. 2 only the 
crop from the two central rows or 12 trees was saved for sort- 
ing. ‘This was limited to a random sample of 20 barrels where 
the total crop of these central rows exceeded this amount. The 
following, Table I, gives the results obtained. The record for 
orchard No. 1, where plots 1 and 5 were repeated on a large 
scale was obtained by selecting a random sample of 20 barrels 
from each half in such a manner that it would represent as 
nearly as possible the average conditions throughout each part 
treated in a different manner. These results are given in Table 
me 
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PABER UE 


Summary of Results Obtained in 1916 from Sorting Fruits in 


Orchard No. 1.* 


Per cent Per cent Per cent 
TREATMENT of perfect of scabby | of russeted 
apples. apples. apples. 
East half. 
Sprayed like plot 1 of 1916________------_-- 45.96 0.17 53.86 
West half. 
Sprayed like plot 5 of 1916____-----_----___ 56.68 1.24 42.11 
Unsprayed Check. 
Plot 9 in orchard No. 2, 1916___--_---__--- 48.12 38.81 20.57 


~The per cents for each plot do not always total 100, since certain apples were 
counted twice as both seabby and russeted. 


Plot 1. 


Plot 


i) 


lotas: 


TREATMENT OF PLOTS IN IQ17. 


Thomsen’s “T. P.” arsenate of lead paste alone, 4 
pounds in 50 gallons of water. 

Corona dry, acid arsenate of lead alone, two pounds 
in 50 gallons of water. 

Blossom bud application lime-sulphur 20 per cent 
stronger than standard, plus one pound of Corona dry, 
acid arsenate of lead in 50 gallons. Later applications 
two pounds of the same arsenate in 50 gallons of water. 
Blossom bud application omitted, otherwise like plot 5. 
Standard dilution lime-sulphur, plus one pound of 
Corona dry, acid arsenate of lead in 50 gallons. 
Standard dilution lime-sulphur, plus one pound of 
Thomsen’s dry arsenate of lime in 50 gallons. 
Standard dilution lime-sulphur, plus two pounds of 
Thomsen’s “T. P.” arsenate of lead paste in 50 gallons. 
Standard dilution lime-sulphur alone, no arsenical 
added. 

Unsprayed check. 

Sherwin-Williams Co. dry lime-sulphur 3 pounds, 11 
ounces, and 1 pound of S-W Co., dry, acid arsenate 
of lead in 50 gallons of water. 


The spray combinations used on plots 2, 3, 4, 5, 6, 9 and 


APPLE SPRAYING EXPERIMENTS IN 1916 Anp 1917, 109 


10 in 1917 were the same as those used on plots 6, 5, 4, I, 3, 9 
and 8 respectively in 1916. 

Two new features were included in the 1917 experiments 
in order to obtain farther light on the question of the fungicidal 
action of arsenate of lead in controlling apple scab. Plot 8 was 
sprayed with standard dilution lime-sulphur alone with no ar- 
senical added, in order to secure a check on this point from 
another angle. On plots 1 and 7 a different form of arsenate of 
lead was used than that previously employed. 

The writer’s first observations indicating the possible value 
of arsenate of lead in controlling apple scab were made quite 
unexpectedly in 1912 in connection with this series of experi- 
ments. For the most part it has been the custom to utilize for 
experimental work the same supply as that bought for general 
use as an insecticide on the farm orchards. In the earlier work 
no attention was paid to the character of the material used, 
whether it was acid, neutral, or basic, or a mixture of two or 
more of these different forms. Samples were saved from the 
lots used in 1915 and 1916 and analyses of these samples by the 
Chemical Department of this Station showed that each, although 
purchased from different manufacturers, was practically of the 
same composition as a pure acid, or lead hydrogen arsenate. 
No accurate data is obtainable as to the composition of the ma- 
terials used in former years. However, a study of the reports 
of analyses of the same brands as were used in these years, 
based upon samples taken by the inspection service from goods 
on sale in the State, shows that in all probability these results | 
showing a fungicidal action on apple scab have been obtained! 
throughout the series of experiments with an acid arsenate of 
lead, previous to 1917. 

“Taken as a whole, the literature indicates that there are 
at least two common lead arsenates, lead hydrogen arsenate 
and lead orthoarsenate; that these two compounds are the main 
components present in ordinary commercial lead arsenate... ..”* 

The authors of the publication just quoted made a very 
thorough chemical study of the subject of the arsenates of lead 
used in spraying. Among other things, they attempted to pre- 


*Robinson, R. H. and Tartar, H. V. The Arsenates of Lead. Bul. 
Ore. Agl. Exp. Sta. 128, p. 6, 1915. 
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pare the orthoarsenate according to the methods recommended 
by certain other writers. What they obtained, as shown by 
analysis, did not correspond to a pure orthoarsenate of lead, 
since it contained more lead and less arsenic than the theoretical 
figures. Their tests led them to conclude that what they ob- 
tained was a distinctly different chemical compound, a new 
basic lead arsenate of which there was no previous mention in 
the literature. Furthermore, to quote farther, they state, p. 9: 
“Without going into any lengthy discussion of the reactions 
used, the authors will state that lead orthoarsenate is not formed 
under the ordinary aqueous conditions employed in the manu- 
facture of commercial lead arsenate, and that it is not a com- 
ponent of the commercial material as has been formerly sup- 
posed. The compound present, which has been represented to 
be the orthoarsenate, is in reality the basic lead arsenic men- 
tioned above.” In a letter to the writer, under date of Febru- 
ary 12, 1917, one of the authors (R) just quoted, stated that 
there are now on the market two brands of arsenate of lead 
which their analyses show to be of a neutral type and mentioned 
another which the manufacturers claim to be a neutral arsenate 
of lead. 

Orthoarsenate of lead has been recommended as a safer 
material for use with lime-sulphur on peaches and has also been 
advocated for apple spraying. In view of the evidence cited 
above it would not be strange if some confusion should exist 
in the minds of those who are conducting spraying experiments 
_as to what form of arsenate of lead they were using. In fact 
letters from 3 different horticulturists to the writer, two from 
Canada and one from another state, specifically stated that a 
certain brand put out by one concern is a neutral of orthoar- 
senate of lead. The chemists of this Station examined two 
samples of this brand in 1914 and 3 samples in 1915, taken in 
the open market in Maine. The arsenic content of these sam- 
ples was such that they could have been by no possibility a 
neutral arsenate. The analyses do indicate that they were, in 
reality, fairly pure and consequently high grade acid arsenates. 
It is significant to note that the records indicate that the word 
“neutral” appeared on the label in 1914 and not in 1915. More- 
over when asked in the winter of 1917 if they could furnish us 
with another form for experimental work this firm replied that 
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they could supply us only with what they claimed to be, and the 
Station’s analysis showed to be, a very high grade acid arsenate. 


ComposiTIon OF MatertAts USED IN I9Q17. 


Through the cooperation of the Chemical Department of 
this Station analyses were made of certain materials, particu- 
larly the arsenicals used in the 1917 experiments. The dry 
arsenate of lead furnished by the Corona Chemical Company 
and the Sherwin-Williams Company showed a chemical composi- 
tion of very closely the right proportions to conform to and 
but slightly lower in As,O, and PbO than is the theoretical 
requirement for pure acid arsenate of lead. 

The “T. P.” arsenate of lead obtained from the Thomsen 
Chemical Company was in a paste form but since this discus- 
sion is concerned entirely with the type of the arsenate of lead 
used in the experiments the material, for convenience in making 
comparisons, was reduced to nearly a water-free basis before 
the analysis was made. The moisture content of the final or 
dry sample used was 0.22 per cent. On this basis 22.43 per 
cent As,O, and 74.01 per cent PbO were found, the ratio being 
1:3.299. Robinson and Tartar* point out that the theoretical 
ratio between As,O, and PbO in an acid arsenate is I :1.945 
and in a neutral arsenate is 1:2.911. In their attempts to pre- 
pare a neutral or orthoarsenate of lead, an analysis of the sam- 
ples obtained gave a ratio between the two compounds men- 
tioned varying from 1:3.180 to 1:3.196. As has already been 
stated they expressed the opinion that arsenate of this com- 
position is a basic and not an orthoarsenate. It will be noted 
that the ratio given by the analysis of the “T. P.” arsenate shows 
even a greater deviation from the theoretical composition of an 
orthoarsenate.t 


“dk Cs {5 O) 

+No attempt has been made to look up the analyses of this brand of 
arsenate of lead which have been made by the inspection service main- 
tained by different states but one analysis of a sample in 1917 has come 
to the writer’s attention. This is reported on p. 9 of Bulletin 315 of 
the New Jersey Agricultural Experiment Station. A sample of “Or- 
chard Brand Powdered Arsenate of Lead—T. P.” is reported as carry- 
ing 24.26 per cent of arsenic oxide and 71.72 per cent lead oxide. The 
ratio here corresponds fairly closely to the theoretical for a neutral or 
orthoarsenate. 


112 MAINE AGRICULTURAL EXPERIMENT Station. 1918. 


In order to obtain as much light as possible upon the com- 
position of this material certain definite questions regarding 
this point were asked of the manufacturers. The following is 
quoted from a statement made by their chemist: 

“The T. P. product will contain about 3% to 5% PbHAsO,. 
The remaining As,O, and PbO are combined as either a mix- 
ture of Pb,(AsO,), and some new basic arsenate, or entirely as 
the new basic arsenate, the composition of which, as far as the 
writer knows, has not been definitely determined.” 

The writer farther stated that while he was not familiar 
with the article of Robinson and Tartar that this new basic ar- 
senate probably corresponds with the one they described. 


TIME AND MANNER OF SPRAY APPLICATIONS IN IQI7. 


The dates of application in 1917 were May 30, June 20 and 
July 9, which shows a very abnormal situation. Previous to 
this the latest date for making the so-called “pink-bud” applica- _ 
tion, during 7 consecutive seasons, was May 24, and the earliest 
May 8. In the same period the second date, as determined by 
the fall of the petals, has been quite constant, usually not earlier 
than the third and not later than the sixth of June. 

The method of application was the same as in 1916 except 
that a pressure of 200 pounds was constantly maintained by the 
spray pump. 


CONDITIONS DuRING AND FOLLOWING THE SPRAYING SEASON 
OF IQT7. 


The entire growing season, on the whole, was uncommon- 
ly cold, cloudy and wet. The very slow development of the 
flowers, and consequent delayed spray applications, was due 
to unseasonably cold, wet weather. Between the first and second 
applications of spray something over g inches of rainfall was 
recorded at the farm. On account of a leak which developed 
in the rain gage it was impossible to get an accurate record of 
the rainfall for June, but as near as could be determined it 
was over 10 inches. The observer estimates that over 4 inches 
fell in a single storm, June 10-12. The combined rainfall for 
May and June was about 12 inches. These conditions made it 
extremely difficult to control scab effectively. 
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EFFECT OF THE DIFFERENT SPRAYS ON THE FOLIAGE AND FRUIT 
DvuRING THE SUMMER OF IQI7. 


No evidence of scab could be observed on the foliage and 
fruit on any of the plots at the time of the second application, 
June 20. The orchard was not visited again till July 9 when 
the disease was present on the leaves in varying amounts on 
all plots. The following is a summary of the record on each 
for the season. 

Plot 1. “T. P.” arsenate of lead alone, double strength. 

Scab became common on the leaves and fruit as the season 
advanced, but was very plainly less prevalent than on the un- 
sprayed check. Relatively light leaf-spotting appeared about 
August 1 and a month later this was fairly common but there 
was little evidence of burning of the margins of the leaves. 
Plot 2. Corona acid arsenate of lead alone, double strength. 

The amount of scab was similar to the preceding, but leaf 
injury was somewhat more common. 

Plot 3. First application stronger lime-sulphur and acid ar- 
senate of lead; last two, double strength Corona acid 
arsenate of lead alone. 

Throughout the season it was plainly evident that scab was 
more efficiently controlled on this plot than on the two preceding, 
which were sprayed with the two different forms of arsenate of 
lead alone. There was also less scab here than on plot 5, which 
received the standard treatment with combined lime-sulphur 
and arsenate of lead. Leaf injury was relatively somewhat more 
common than on the other two plots mentioned. 

Plot 4. Standard dilution lime-sulphur and acid arsenate of 
lead; first application omitted. 

Somewhat more scab was recorded for this plot during the 
summer than for plot 5. The most striking thing about it was 
the small set of fruit. As the fruit neared maturity the con- 
trast shown by the number of apples on the trees on plot 4 as 
compared with those on plots 3 and 5 on either side was very 
evident. Unexpectedly, leaf injury was more common than on 
plot 5. 

Plot 5. Standard dilution lime-sulphur and acid arsenate of 
lead. 

The conditions observed on this plot throughout the sea- 
son did not differ materially from those on plot 2. 
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Plot 6. Standard dilution lime-sulphur and arsenate of lime. 

The records here were practically identical with those for 
plots 2 and 5. 

Plot 7. Standard dilution lime-sulphur and “T. P.” arsenate 
of lead. 

The general condition of the foliage on plot 7 was decidedly 
better than was the case on any other in the series. At the close 
of the season only relatively small amounts of scab could be seen 
on the foliage and fruit and very little leaf injury was present. 
Plot 8. Standard dilution lime-sulphur; no arsenical added. 

The amount of scab on the leaves appeared about the same 
as on plots 2, 5 and 6. Only a very little leaf spotting and burn- 
ing was observed and this was not apparent at the close of the 
season. 

Plot 9. Unsprayed check. 

Scab was very prevalent on the unsprayed plot from the 
time it first appeared. Injury to the margins of the leaves was 
also noted. 

Plot 10. Sherwin-Williams Co. dry lime-sulphur, plus acid 
arsenate of lead. 

Except for possibly slightly more leaf injury, very little 
difference could be detected between the condition of the foli- 
age on the trees on this plot and on plot 5 where, on the last 
named, ordinary home-prepared lime-sulphur and a_ similar 
amount of arsenate of lead were used. 


EFFECT OF THE DIFFERENT SPRAYS ON THE FRUIT IN I9QI17. 


On account of the small crop, the sample taken for sorting 
included the fruit produced on the inside of the two outside 
rows as well as the middle two rows of each plot. Except on 
plots 4, 8, 9, and 10 from which 2, 8%, 5%, and 5% barrels 
respectively were obtained the sample varied from 12 to 20 
barrels. The following Table III gives the results obtained 
from sorting. 
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DISCUSSION OF RESULTS. 


As has already been pointed out, the weather conditions 
both years, particularly during the early part of the season when 
infection occurs and the distribution of scab is most rapid, were 
exceedingly favorable for the development of the disease. The 
fact that nearly 39 per cent of the fruit on the unsprayed check 
plot in 1916 and over 98 per cent in 1917 were classed as scabby 
indicates that both seasons, particularly the last, provided con- 
ditions for a rigorous test of the spray mixtures used. The 
orchards were plowed early in May 1916, thus turning under 
the leaves of the previous season, except those that lay near the 
bases of the trees, before the ascospores of the fungus had de- 
veloped. This undoubtedly materially reduced the possibilities 
of primary scab infection that spring. General observations 
indicated that scab developed with greater severity on unplowed 
and unsprayed orchards near by than it did on the unsprayed 
check plot, but no accurate data were obtained on this point. 

It will be noted that during the first season under discussion 
every spray material used showed marked and some of them 
excellent scab control. On the other hand, the efficiency of 
the same materials in 1917 was exceedingly low. In the light 
of past experimental spraying work in the same orchard it is 
believed that the very abnormal weather conditions during the 
early part of the season, which materially delayed the first two 
applications, are primarily responsible for the poor results ob- 
tained the second season. Undoubtedly in practical work an ad- 
ditional, earlier application of a fungicidal spray when the leaves 
are about one-fourth inch in diameter, such as has been recom- 
mended by Brittain and Sanders as the result of their work in 
Nova Scotia, would be very effective in Maine under such con- 
ditions as these. This will be discussed farther under the topic, 
“The importance of the blossom bud application.” 


FRUIT RUSSETING ON THE PLOTS AS A WHOLE. 


Much of the following discussion with reference to the 
desirable and undesirable qualities of certain spray combina- 
tions with regard to russeting would not apply in the same 
degree to a number of commercial varieties of apples. Atten- 
tion is again called to the fact that the skin of the fruit used 
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in these experiments is particularly sensitive to any irritating 
influence, especially when the apples are small. This has been 
demonstrated repeatedly for the climatic conditions which pre- 
vail where the experimental orchard is located. In normal 
seasons a slight amount of russeting has always appeared on the 
unsprayed check plot and in the past this has been increased in 
varying degree by the different spray mixtures used. A com- 
parison of the results obtained with reference to russeting, 
during the two seasons present some interesting and unexpected 
contrasts. 

One of the most prominent facts shown by the tabulated 
results for 1916 is the relatively high per cent of russeted fruit 
on each plot, even on the unsprayed check which showed 20.57 
per cent. This duplicated a condition which prevailed in 1913 
when over 31 per cent of russeted fruit was obtained on the 
plot upon which no insecticide or fungicide was applied, and 
the different sprays produced a corresponding increase in 
amount. Although this russeting was materially increased by 
different sprays it is evident that much of it must be attributed 
to natural causes. The weather conditions of 1913 and 1916 
were remarkably similar in many ways, and differed from pre- 
vious seasons in which abnormal fruit russeting did not occur. 
In 1913 the first spray application was followed by a month of 
unseasonably, cold weather, with frosts and cold, north-west 
winds, associated with much cloudiness and heavy rainfall. In 
1916 similar conditions prevailed previous to and following the 
first application. This was also followed in 1916 by heavy rains 
and continuous cloudy weather in June after the second applica- 
tion, which was not the case in 1913. 

The amounts of russeting obtained in 1917 are contrary, in 
two respects, to what might be expected as the result of pre- 
vious experience. While the weather conditions during the 
early part of the season were similar to those in two years men- 
tioned above the amount of russeting was relatively slight as 
compared with that obtained then. What is still more remark- 
able, it will be seen that on 6 sprayed plots out of 9 there was 
actually less russeted fruit than on the unsprayed check. Only 
twice in the 4 preceding seasons, during which an unsprayed 
check plot had been kept for comparison, did anything like this 
occur. Each time it was recorded on a single plot and the dif- 
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ferences were slight, or within the limits of experimental error. 
The writer has no explanation to offer as to cause of these 
unexpected results. It is true that the dates of application in 
1917 were much later than in 1913 and 1916, but they were 
made at a corresponding stage of the development of the flowers 
and fruit. 


LIME-SULPHUR VS. BORDEAUX MIXTURE. 


There has been, perhaps, little excuse to continue to in- 
clude a plot sprayed with bordeaux mixture in these series of 
experiments. It was omitted in 1917. In the past it was re- 
tained solely for the purpose of serving as a check, along with 
the one sprayed with lime-sulphur and the unsprayed plot, for 
a standard of comparison with the other spray combinations. 
Regardless of seasonal conditions bordeaux mixture has invari- 
ably caused much damage to the Ben Davis variety on this 
farm, both by leaf injury and fruit russeting. Although almost 
perfect scab control has been secured, the per cent of perfect 
apples has been so reduced on account of russeting that spray- 
ing with bordeaux mixture has actually resulted in a loss rather 
than a gain. This is well illustrated when the record of plots 
7 and g in 1916, Table I, are compared. Only a little more 
than half as many merchantable apples were obtained on plot 7 
as on the one where no spray whatever was used. 

In 1916, as in the past, lime-sulphur combined with ar- 
senate of lead gave efficient scab control, as is shown by com- 
parison of plots 9 and 1 where the amount of scab was reduced 
from nearly 39 per cent to less than 1 per cent. On the other 
hand the large amount of russeting which occurred where the 
lime-sulphur and arsenate of lead was used reduced the per- 
centage of merchantable apples to less than was obtained on 
the check plot. In 1917, while scab control was far from effi- 
cient, the percentage of merchantable apples, as shown by com- 
paring plots 5, 7 and 9, Table III, was increased approximately 
29 and 49 per cent respectively by the lime-sulphur and arsenate 
of lead treatment. 

The records over a series of years indicate that in most 
seasons, even on a variety like the Ben Davis where the skin 
of the fruit is easily injured, spraying with lime-sulphur com- 
bined with moderate amounts of acid arsenate of lead is profit- 


APPLE SPRAYING ExPERIMENTS IN 1916 ANp 1917. 119 


able. It is only in exceptional seasons where a large amount 
of russeting occurs as in 1916, that there is little real gain, and 
actual loss of merchantable fruit may occur. These observa- 
tions apply only to the value of the fruit as influenced by the 
use of lime-sulphur and do not take into account the effects 
of the spray in improving the general health of the tree, which 
cannot be overlooked in practical work. 

It should be understood also that the above statements 
with reference to both bordeaux mixture and lime-sulphur refer 
only to the selling value of the fruit of the variety under con- 
sideration. With any variety equally subject to scab and less 
susceptible to spray injury there is plenty of evidence that spray- 
ing with either fungicide combined with acid arsenate of lead 
is, as a rule, exceedingly profitable. As a matter of fact if 
apples were sold on the basis of quality and not on the ap- 
pearance of the skin, those obtained on the plots sprayed in 
1916 with lime-sulphur and bordeaux mixture were nearly 100 
per cent perfect. The only imperfections were the russeting 
of the skin. The fruit on these sprayed plots was larger and 
in every way more healthy than on the unsprayed check. 

ihessinclestrialine 1917 of the “i, BP: arsenate of lead 
combined with lime-sulphur indicates that as good or even better 
results may be obtained with this material than with the acid 
arsenate used in like manner. It will be seen on comparing 
plots 7 and 5, Table III, that on account of more efficient scab 
control approximately 20 per cent more merchantable apples 
were obtained where the “T. P.” arsenate was substituted for 
the acid arsenate. It is interesting to note, however, that while 
the difference was slight, less russeting was obtained by the use 
of the acid arsenate. Compare also plots 1 and 2, Table III, 
where these two forms of arsenate of lead were used alone, 
double strength. 


THE EFFICIENCY OF THE FIRST SPRAY APPLICATION. 


The results here reported are for the fifth and sixth sea- 
sons in which a plot has been included in these spraying ex- 
periments where the application of lime-sulphur when the 
blossom buds were showing pink was omitted. It will be noted 
on comparing the figures obtained in 1916 on plot 4 with those 
for plot 1, Table I, that scab control was only slightly better 
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on the latter plot where all 3 applications were made. A more 
striking fact is that where the pink bud spray was omitted nearly 
13.5 per cent more merchantable apples were obtained, due to 
the greater freedom from russeting. 

The experience of the season of 1916 tends to confirm the 
opinion expressed by the writer in Bulletin 249 that it is not 
necessarily a foregone conclusion, under Maine conditions, that 
the spraying operations of the year are doomed to utter failure 
if no spray is applied till after the petals fall. Previous to 1917 
in only one year out of 5 has anything approaching this been 
the case on these experimental plots. Three years out of 5 
very little difference in scab control was obtained on the plots 
with and without the first application. The remaining season 
there was a little over 3 per cent increase in scab as a result of 
omitting the pink bud spray. On account of increased russet- 
ing, less merchantable apples were obtained 3 years out of 5 
where all 3 applications of lime-sulphur were made. Doubtless 
this would not have been the case with a variety of apples where 
the skin of the fruit is less tender than that of the Ben Davis. 

It will be seen on comparing the per cents of scabby apples 
obtained on plots 4 and 5 in 1917, Table III, that this was a 
season where the omission of the pink-bud application was a 
matter of much importance for over 19 per cent more scab was 
obtained by so doing. It strongly emphasized the fact, not 
_always recognized by growers, that spraying is really a form 
of insurance and that even though the records obtained in this 
series of experiments so far, indicate that the pink-bud applica- 
tion may be omitted in certain seasons with little or no increase 
in the amount of scab resulting, such an omission may be a 
matter of considerable importance in controlling the disease. 

It is not the writer’s intention to imply by any of the above 
discussion that the results secured indicate that the pink-bud 
spray is ever unnecessary in Maine and that it ever should be 
omitted from the spraying program. It is intended to empha- 
size the fact that, if for any good reason no spray is applied 
till the petals fall, the chances of preventing infection, as shown 
by the results obtained over a series of years, are still good if 
the remaining applications of spray material are made as usual. 
Such would not have been the case in 1917 and undoubtedly 
still another fungicidal spray applied about the middle of May, 
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some days before the blossom buds showed pink, would have 
been advantageous. However, throughout this series of ex- 
periments, covering 8 successive seasons, no evidence has been 
obtained to indicate that under Maine conditions the period for 
making any single applicaton of spray for the successful control 
of apple scab is limited to a single day, or even two or three 
days, although the pink-bud and calyx applications should be 
made as closely to the specified times as possible. 


ARSENATE OF LEAD AS A FUNGICIDE. 


While previous results seemed to furnish fairly conclusive 
data relative to the fungicidal value of acid arsenate of lead in 
preventing apple scab, these here reported represent much more 
severe tests. In comparing plots 6 and g in 1916, Table I, it 
will be seen that by the use of arsenate of lead alone the amount 
of scab on the fruit was reduced from nearly 39 to a little over 
one and one-half per cent. This was the fifth consecutive sea- 
son that the figures obtained from experimental tests in this 
orchard have shown that arsenate of lead alone has materially 
reduced the amount of scab on the fruit. Scab control on plot 
6 in 1916 was nearly as efficient as was obtained on plot 1 where 
the standard lime-sulphur and arsenate of lead treatment was 
used. A more important fact which should not be overlooked 
is that with the arsenate of lead used alone nearly twice as many 
merchantable apples were obtained, due to the greater freedom 
from russeting. 

A comparison of the results obtained on plots 2, 5 and 9 
in 1917, Table III, also indicated that arsenate of lead showed 
considerable fungicidal value, even under the severe conditions 
of that season. However, the results were plainly much inferior 
to those obtained with the combined lime-sulphur and arsenate 
of lead spray. 


” 


ACID ARSENATE VS. “T. P.”’ ARSENATE OF LEAD. 


No definite conclusions can be drawn from the work of a 
single season but the records obtained in 1917 on plots 1 and 2, 
Table III, indicate that the “T. P.” arsenate of lead possesses 
fully as great if not greater fungicidal properties than the acid 
arsenate since about 9 per cent less scab was obtained with it. 
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This view is strengthened by the fact that on plot 5 where the 
acid arsenate was used with lime-sulphur about 23 per cent more 
scab was obtained than there was on plot 7 where the “T. P.” 
arsenate was used in like manner. 


LIME-SULPHUR WITH NO ARSENICAL ADDED. 


The marked fungicidal value of arsenate of lead when used 
alone suggested that it might contribute materially to the fungi- 
cidal qualities exhibited by the combined lime-sulphur and ar- 
senate of lead spray. To secure data on this point in 1917 plot 
8, Table III, was included in the experiments. The fact that 
about 52.5 per cent of scabby apples were obtained on this plot 
and only about 44.5 on plot 7 where the “T. P.” arsenate was 
added to the same strength lime-sulphur might indicate that 
there is something in this hypothesis were it not for the fact 
that over 67.5 of scabby fruit was obtained on plot 5 where the 
acid arsenate was used in like manner. It will also be seen 
on comparing the figures obtained on plots 1 and 2 with those 
for plot 8 that lime-sulphur, standard strength used alone was 
decidedly more efficient than double strength arsenate of lead, 
both forms, used alone. No definite conclusions should be 
drawn from this single trial, however. 


MODIFIED SPRAYING PROGRAM. 


The modified spraying program such as was carried out on 
plot 5 in 1916, Table I, and plot 3 in 1917, Table III, in which 
lime-sulphur 20 per cent stronger than standard is used for the 
pink-bud spray, followed by double strength arsenate of lead 
for the two later applications, has now been tested for 4 con- 
secutive seasons, in comparison with plots sprayed all 3 times 
with standard lime-sulphur and arsenate of lead, and double 
strength arsenate of lead alone, respectively. In addition plots 
1 and 5 of 1916 were duplicated on a large scale i1 the orchard 
known as Ben Davis No. 1, see Table II. 

The results obtained in scab control in 1916 on the experi- 
mental plots and in the large orchard were very uniform for 
each kind of treatment. Plot 1 and the east half of Ben Davis 
No. 1, sprayed according to the standard program, produced 
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.74 and .17 per cent of scabby apples respectively. Plot 5 and 
the west half of Ben Davis No. 1, sprayed according to the mod- 
ified program, produced 1.59 and 1.24 per cent of scabby apples 
respectively. The slightly better results obtained with both 
methods of treatment in No. 1 may be due to the fact that the 
trees are smaller here with more open spaces. allowing better 
ventilation and better penetration of sunlight. In each instance 
a greater per cent of merchantable apples was obtained with 
the modified spraying program, than from 3 applications of the 
standard lime-sulphur and arsenate of lead combination . This 
was directly due to the smaller amount of fruit russeting with 
the former. 

It has already been shown by comparison of the results 
obtained on plots 1 and 4 in 1916 that omission of the pink bud 
spray entirely, did not lead to a material increase of scab. There- 
fore it is not surprising that the amount of scabby fruit, ob- 
tained with the modified spraying program on plot 5, or 1.59 per 
cent, should be practically the same as where double strength 
arsenate of lead was used alone throughout the season on plot 
6, which was 1.61 per cent. 

These results and those previously secured which have to 
do with the same subject, taken together with those obtained in 
1917, illustrate very well the difficulties which may arise if in 
apple spraying experiments one attempts to draw definite con- 
clusions from work covering only a few seasons. It might seem 
that the necessity for using the stronger lime-sulphur for the 
pink-bud spray is not indicated by the results secured in 1916 
or in the 4 or 5 previous seasons. During this period plots 
sprayed with the standard combinations of lime-sulphur and ar- 
senate of lead showed but little better scab control than where 
the pink-bud application was omitted entirely. It is also true 
that 3 applications of double strength arsenate of lead alone pro- 
duced during successive seasons very efficient scab control when 
compared with standard dilution lime-sulphur containing one 
pound of dry arsenate of lead in 50 gallons. In spite of all of 
this the writer has not felt ready to advocate that two or even 
three applications of double strength arsenate of lead alone 
should be depended upon for the control of apple scab in com- 
mercial orchards in Maine. In view of the fact that in some 
seasons in Maine, and in all seasons according to the expressed 


124 MAINE AGRICULTURAL EXPERIMENT STATION. 1918. 


opinions of observers in some other parts of the country, the 
period just before blossoming is especially favorable for primary 
scab infection, it seems wise to advocate the use of combined 
lime-sulphur and arsenate of lead at this time. We have shown 
that a lime-sulphur spray containing 20 per cent more than 
the standard dilution is more efficient in scab control and causes 
practically no more fruit russeting than the latter. Also it is evi- 
dent from experiments made in past years that the majority of 
the fruit russeting produced by lime-sulphur comes from the 
calyx and later applications. 

Except for the first sentence the above paragraph stands 
essentially as it was written before the results of the 1917 ex- 
periments, here included, were obtained. A comparison of the 
per cents of scabby apples and merchantable fruit produced on 
the various experimental plots in 1917, Table III, seems to 
justify the position taken. 

It is interesting to note, also, that the modified spraying 
program used on plot 3, Table III, when compared with the 
standard lime-sulphur and arsenate of lead treatment used on 
plot 5 shows a decrease of almost 11 per cent in the amount of 
scab produced and an increase of over I1.5 per cent in the 
amount of merchantable fruit obtained. In fact it was only 
where arsenate of lime and the “T. P.” arsenate of lead were 
used, plots 6 and 7, that a greater percentage of merchantable 
apples were produced in 1917, than was obtained on the plot 
where the modified spraying program was used. In view of the 
fact that on the unsprayed check over 98 per cent of the fruit 
was scabby and less than one per cent was merchantable, a more 
severe test of the modified spraying program could hardly be 
imagined. 

The Ben Davis and the Baldwin varieties predominate in 
the orchards at Highmoor Farm. Fruit russeting on both of 
these varieties, when sprayed in the ordinary manner, as a rule 
materially reduces the value of the crop produced each season. 
For this and the following reasons the modified spraying pro- 
gram has been adopted there for the present for the commercial 
orchards. Its relative efficiency in controlling scab has been 
shown by the results obtained on the half of Ben Davis No. 1 
so sprayed in 1916, and upon the experimental plots in repeated 
seasons. A more important consideration is that with this modi- 
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fied spraying program fruit russeting has been materially re- 
duced and the percentage of merchantable fruit consequently 
increased. Similar results were reported to the writer by a few 
of the leading apple growers of the State who sprayed parts of 
their orchards in this manner in 1916. 


CALYX NOZZLE. 


It has been the aim in these series of experiments to develop 
more efficient spraying methods as applied to local conditions 
and not primarily to make comparative tests of materials and 
appliances. Nearly every year, however, it has seemed wise 
for one reason or another to include something of this kind, 
usually limited to a single plot. The Friend calyx nozzle was 
used on plot 2 on account of the fact that instances had been 
called to the writer’s attention where it was stated that better 
control of scab was obtained from lime-sulphur applied with it 
than with the ordinary mist type of nozzle. 

In comparing the results secured in 1916 on plots 1 and 2, 
Table I, it will be seen that slightly better scab control was ob- 
tained with the mist type of nozzle than with the semi-drive 
type. On the other hand, there was a difference of some 15 
per cent in the amount of russeting, in favor of the latter. 
Whether this has any special significance it 1s impossible to 
say at present. 


DRY LIME-SULPHUR. 


There was nothing in the action of this material either 
season to indicate that it is anything different from what the 
manufacturers claim it to be. In fact the results secured with 
it, at the strength used, were quite similar to those secured with 
dilutions of home-made, liquid concentrates of lime-sulphur. 
In 1916 it was slightly less efficient in scab control, but in 1917 
it was plainly more efficient. Compare plots 1 and 8, Table I, 
and plots 5 and 10, Table III. It will be seen also that the first 
season the spray made from dry lime-sulphur produced less 
fruit russeting, but the second year it caused considerably more. 
The per cents of merchantable apples were in favor of the dry 
lime-sulphur both seasons. 
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ARSENATE OF LIME VS. ARSENATE OF LEAD. 


Arsenate of lime was used with the idea that when com- 
bined with lime-sulphur less injury to the foliage and fruit 
would result than is the case where arsenate of lead is employed 
in the same way. As has already been stated the reverse seemed 
to be the case with regard to foliage injury in 1916, and no 
differences could be noted between the effects of the two in 1917. 

In 1916 a difference of only two per cent in russeting was 
obtained when the results from the plot where the arsenate of 
lime and lime-sulphur were compared with those from the check 
plot, while this difference where arsenate of lead was used was 
over 46 per cent. In 1917 the plots where these two treatments 
were applied produced less russeted fruit than the unsprayed 
check and the differences, although in favor of arsenate of lime, 
were within the limits of experimental error. 

It will be seen that scab control was better on the arsenate 
of lead plot in 1916 but in 1917 the results were quite the re- 
verse of this. Each season the percentage of merchantable ap- 
ples obtained was decidedly in favor of the arsenate of lime. 
No data has been obtained relative to the fungicidal value of 
arsenate of lime used alone. 


SPRAY TREATMENT AS INFLUENCING THE SET OF FRUIT. 


Attention has already been called to the fact that the final 
set of fruit on plot 4 in 1917 was far below that of the plots on 
either side of it. There is nothing in the condition of the trees 
on these plots which could in any way account for this difference. 
In the writer’s opinion the only explanation for the small crop 
on this plot is that it was in some way, directly or indirectly, 
concerned with the failure to make a spray application at the 
time the blossom buds were showing pink. This was the fifth 
season that a plot treated in this way had been included in this 
series of experiments and, with the possible exception of 1913, 
nothing of the kind had occurred previously. 

A number of different observers have stated that loss of 
fruit set may often be traced directly to the fact that the scab 
disease may occur abundantly on the pedicels and that this 
causes the blossoms and young fruit to fall. Wallace in 1913 
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summarized the literature on this point.* While no direct ob- 
servations were made it is a logical conclusion that infection of 
the pedicels of the blossoms and young fruits by the scab fungus 
was responsible for the poor set of fruit on plot 4 in 1917. How- 
ever a careful analysis of the facts do not commit one to this 
conclusion without reservations. 

The Department of Biology of the Station, for other pur- 
poses, is now making an annual record of the yield of fruit in 
pounds for each tree in all of the orchards. These figures for 
the past two seasons have been turned over to the writer and 
the average yield per tree of each plot in 1916 and 1917 are 
given in the last column to the ‘right of Tables I and III. Plots 
7, 8 and g of 1916 and 8, 9 and 10 of 1917 are made up of less 
vigorous trees and allowances should be made in comparing 
them with 1 to 6 in 1916, and 1 to 7 in 1917. Also the trees 
on 5 and 6 in 1916 and 6 and 7 in 1917 are somewhat larger and 
more vigorous, thus partially explaining the averge larger yields 
on these plots in both seasons. There seems to be no reason, 
however, why plot 4 in Table III should produce only 15 pounds 
per tree while plots 3 and 5 on either side of it should yield 125 
and 95 pounds per tree, respectively, except the probable one 
that the fruit set on plot 4 was injured from infection of the 
pedicels of the flowers and young fruit by the scab fungus. On 
the other hand, the unsprayed check, plot 9, composed of much 
less vigorous trees, lying west of plot 4 with the corners joining, 
yielded an average of 39 pounds per tree. While it is true that 
the relatively low yield on plot 9 may also be due partially to 
pedicel infection by the scab fungus it is difficult to explain why 
two ard a half times as much fruit was produced here, where 
no fungicidal spray was applied, than was the case where one 
out of three applications was omitted, even granting that the 
application omitted was the all important one. Moreover only 
40 pounds per tree were obtained on plot 10 where the records 
show that scab was as well controlled as on plot 3 and much 
better controlled than on plot 5. 

It will be seen on reference to Table I that in 1916 the aver- 
age yield per tree on plot 4 on which the blossom bud applica- 
tion of lime-sulphur and arsenate of lead was omitted was even 


*Wallace, Errett. Scab disease of apples, Bull. Cornell Agl. Exp. 
Stan o351952-0508 Sept.) L913: 
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better than on plot 1 where all 3 applications were made. It was 
also slightly better than on the adjoining plot 3 where lime- 
sulphur and arsenate of lime was used for all 3 applications. 
As has already been stated the larger yield on the other adjoin- 


ing plot, number 5, is partly due to greater vigor of the trees 
which compose it. 


